
Innovations in Pedagogy and Technology | Volume 02 | Issue 02 | June 2026

Innovations in Pedagogy and Technology

https://journals.niepublish.com/ipt

ARTICLE

Technology Acceptance of 3D Technologies among Practical Nursing

Students: AMixed-Methods Study

Mika Alhonkoski 1,2* , Marjaana Veermans 3 , Hanna Nurmi 4 , Sari Kotonen 4 ,

Camilla Strandell-Laine 1,5,6 , Kalle Artukka 7 , Leena Salminen 1,8

1 Department of the Nursing Science, University of Turku, FIN-20014 Turku, Finland
2 School of Professional Teacher Education, Tampere University of Applied Sciences, FIN-33520 Tampere, Finland
3 Department of Teacher Education, University of Turku, FIN-20014 Turku, Finland
4 Salpaus Further Education, FI-15110 Lahti, Finland
5 Faculty of Health and Welfare, Novia University of Applied Sciences, FIN-20500 Turku, Finland
6 Department of Bachelor Education in Nursing, Lovisenberg Diaconal University College, NOR-0456 Oslo, Norway
7 Independent Researcher, FIN-20100 Turku, Finland
8 Turku University Hospital, FIN-20014 Turku, Finland

ABSTRACT

In the future, health care education will face challenges to adapt to multiple technological tools in teaching and

learning. The aim of this study was to describe practical nursing students’ technology acceptance and possible change

therein after implementing three-dimensional (3D) technology during a first aid course in the level of vocational education

and training in Finland. In this qualitative dominant mixed method study, students used 3D images, 3D environments,

and 3D printing during their first aid course. Students answered pre- (n = 30) and post-surveys (n = 28) and, after one

month from the first aid course, participated in focus group interviews (n = 30) based on the theoretical framework of the

Technology Acceptance Model (TAM). The data was analysed by means of descriptive statistical analysis and qualitative

content analysis. As a result, students’ technology acceptance was positively oriented. Five main qualitative categories
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were identified: 1) Usefulness for education, 2) Usefulness for care work, 3) Benefits for individual role, 4) Preparedness

for future technological solutions, and 5) Challenges with technological solutions.  In addition, the quantitative results,

although exploratory, indicated statistically significant changes in students’ technology acceptance. As a conclusion, the

students reported that using 3D technology in practical nursing education may enhance their technology acceptance. They

also stated that it may also prepare them to be more technologically oriented in working life. The promising elements of 3D

technology can be taken into consideration when health care educators are planning their teaching.

Keywords: 3D Technology; Technology Acceptance Model; Practical Nursing Education; Mixed Methods

1. Introduction

The educational context in European healthcare educa-

tion varies, although shared frameworks exist [1]. The field

also faces future challenges regarding technological solu-

tions and their integration into actual teaching practices [2].

Teachers have an opportunity to rethink their pedagogical

approaches and not only focus on subject-specific content

but also foster students’ ability to engage creatively with

technological tools [3–5].

In practice, educational development requires consid-

eration of several perspectives [6]. First, students’ engage-

ment and active participation can be enhanced through in-

novative and creative teaching tools or methods [7, 8]. Sec-

ond, the development of students’ computational thinking

should be meaningfully connected to innovative teaching

practices [9–11]. Third, technological solutions must be ped-

agogically valid and meet students’ learning needs [12]. Ad-

dressing these challenges requires adequately researched

knowledge about the possibilities offered by such technolo-

gies [5].

Three-dimensional (3D) technology is one promising

tool for healthcare education [2, 13, 14], although research in

this area remains relatively limited [15] compared to its ap-

plication in medical education [13, 16]. In healthcare edu-

cation, 3D technology has been associated with increased

learning motivation [17] and improved learning outcomes [18].

Benham and San [19] also link 3D technology to students’

technology acceptance in occupational therapy education,

emphasizing its role in developing technological thinking.

However, existing studies have primarily focused on higher

education, and research on its use in practical nursing edu-

cation is scarce [15].

The main aim of the present study is to describe prac-

tical nursing students’ perspectives in vocational education

about their technology acceptance when innovative and cre-

ative teaching is implemented using 3D technology in a first

aid course. This research seeks to provide teachers with in-

sights and ideas for adopting more technologically oriented

teaching approaches.

2. Materials and Methods

2.1. Design and Research Questions

The study design was mixed methods with qualitative

dominance [20]. Two research questions guided this research,

as follows:

1. How do practical nursing students self-assess their tech-

nology acceptance towards 3D technology changes

after using 3D technology during the first aid course?

2. How do practical nursing students describe their tech-

nology acceptance towards 3D technology after using

3D technology in the first aid course?

2.2. Three-Dimensional Technology

3D technology is commonly defined as utilising three

individual dimensions, including varied levels of interac-

tion with the user, for example, with mobile devices or with

glasses and haptic devices [21]. Overall, the technological

solutions in the concept of 3D technology can be multi-

ple [13, 15, 21]. Basically, this refers to 3D images [22], 3D envi-

ronments [23], 3D holograms [24], and 3D printing [25, 26].

2.3. Context of the First Aid Course

This study was implemented with two groups of first-

year practical nursing students. Both groups were in the

same phase of their studies. These groups were selected be-
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cause the timing for the first aid course was identical for both

groups. Both groups intended the first aid course with the

same learning aims, as guided by the Finnish National Board

of Education [27]. The duration of the first aid course was 16

hours (two consecutive days) with the same teachers. All

practical nursing students got a first aid course that included

the following 3D technologies: 3D images, 3D environment,

and 3D printing (Table 1).

Table 1. Description of Different 3D Technologies Used during the First-Aid Course.

The Learning Aims for Students
3D Technology and

Modifying Process
How 3D Technology Was Implemented?

Learn how to give first aid during

different sudden attacks (for example,

cerebrovascular accidents).

3D images

Three hours

Students used a television with interactive 3D images of

different organs, which discussed sudden attacks.

Learn how to give first aid in traffic

accidents and sudden attacks (for

example convulsion).

Learn how to give wound care.

3D environment (360°

environment)

Four hours

Students used different 360° environments with tablets or

mobile phones and reflected each content.

Learn how to resuscitate.

Learn how to give first aid to

unconscious people and in shock.

3D environment (360°

environment)

Four hours

Students moved ahead in a 3D environment and faced

different cases. After using the 3D environment, they

reflected immediately on what they experienced.

Learn how to give first aid for a heart

attack.

3D environment

(augmented reality)

Two hours

Students used glasses to experience heart structure and what

happens during a heart attack.

Learn how to give first aid in bone

fractures and strains.

3D printing

Three hours

Students had different kinds of 3D-printed objects (for

example, 3D-printed patella with fracture) with guidance in

discussing them. Printer was also printing during the course.

2.4. Theoretical Framework

The theoretical framework of this research is based

on the Technology Acceptance Model (TAM) and its ex-

tended version [28, 29]. TAM originally focuses on two key

elements: perceived usefulness and perceived ease of use [28].

Perceived usefulness refers to an individual’s belief that a

system or technology will enhance their job performance or

relevance [28, 29]; for example, how effectively the individual

can utilize the outcomes of a new technological solution [29].

Perceived ease of use means that the simpler a system or

technology is to operate, the more likely individuals are to

adopt it with a positive attitude [28] and, importantly, to use it

voluntarily [29].

In the extended version, TAM2, Venkatesh and

Davis [29] incorporate two additional dimensions: social influ-

ence processes (image, voluntariness, and subjective norm)

and cognitive instrumental processes (job relevance, per-

ceived ease of use, result demonstrability, and output quality).

For the present research, TAM offers a widely applied theo-

retical framework [30], particularly for a topic that is relatively

rare in practical nursing education [31]. Furthermore, TAM is

adaptable to different user contexts, including variations in

perceived technology [32]. It has also been extensively em-

ployed as a theoretical foundation in educational research [30].

2.5. Population and Sample

The study was conducted in one of Finland’s largest

vocational institutes for health and welfare, selected because

it serves a wide geographical area and offers comprehensive

programs. The Finnish vocational education system is regu-

lated by the Vocational Education and Training Act [33] and

overseen by the National Board of Education, which sets

guidelines for vocational qualifications in social and health-

care. Admission to these programs requires completion of at

least lower secondary education.

Practical nursing studies typically last two to three

years, comprising a total of 180 competence points in ac-

cordance with the European Credit System for Vocational

Education and Training (ECVET), where one competence

point equals a minimum of twelve hours of study. The cur-

riculum includes two compulsory qualification units [27]: (1)

Promoting Growth and Participation (25 competence points)
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and (2) Promoting Wellbeing and Functional Capacity (30

competence points). Each unit integrates practical training

in real work environments. After completing these units,

students will choose their specialization [27]. Upon comple-

tion of all studies, graduates must register with the National

Supervisory Authority for Welfare and Health [34] to become

licensed practical nurses.

In this study, the learning context was the first-aid

course (one ECVET point), which is part of the qualification

unit Promoting Wellbeing and Functional Capacity [27].

In total, 32 practical nursing students were invited to

take part in the study. Group one included 13 (n = 13) and

group two 19 (n = 19) practical nursing students. The sample

size was evaluated as sufficient because of the underlining

study’s qualitative dominance. The inclusion criteria were

the following: (1) first-year practical nursing student, and (2)

students’ former competence in first aid had been evaluated

by the teacher from the vocational institute, and the compe-

tence was not sufficient to transfer to competence points.

Participants’ personal data—for example, age or

gender—was not collected, because it was considered ir-

relevant to the aim of the study [35].

All students were at the same phase in their studies.

They also had the same amount of competence points. More-

over, they were all in the basic studies meaning that the

specialization (for example, in mental health) had not begun.

The sample was recruited from those groups whose curricu-

lum made it possible to have all the necessary 3D technology

equipment available for use. The informed consents were

given to the students after the general information about the

research.

2.6. Ethical Consideration

The study was conducted in accordance with the Dec-

laration of Helsinki and approved by the Institutional Ethics

Committee of the University of Turku (34/21, 22.11.2021).

2.7. Data Collection

Data were collected through pre- and post-course sur-

veys (TAM2) and focus group interviews between January

and May 2022 from practical nursing students (n = 32) at one

vocational institute. At the start of the first-aid course, two

students (n = 2) were absent. Each student who participated

in the survey (pre- and/or post) also participated in the focus

group also (Figure 1).

Figure 1. Description of the Data Collection.

The survey (presented in Supplementary Materials)

employed the extended Technology Acceptance Model ques-

tionnaire (TAM2), a Likert-scale instrument (1 = strongly

disagree to 7 = strongly agree) comprising nine categories:

intention to use, perceived usefulness, perceived ease of use,

subjective norm, voluntariness, image, job relevance, out-

put quality, and result demonstrability [29]. After obtaining

licensed permission from the developer and publisher, the

questionnaire was back-translated into Finnish and tested

with 15 practical nursing students (n = 15) [36]. Testing oc-

curred at the beginning of the school day, and participa-

tion was voluntary. The purpose of this pilot was solely to

improve the questionnaire’s comprehensibility. Following

completion, students provided oral feedback, which the re-

searcher documented. Based on this feedback and the context

of 3D technology, minor revisions were made to sentence

structures and terminology—for example, clarifying the con-

cept of subjective norm to mean the subjective experience of

their own (practical nursing students), not, for example, the

professional practical nurses. The revised questionnaire was

then reviewed by the same students to confirm the appropri-
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ateness of changes before final implementation. There were

no statistical tests in the questionnaire in the pilot phase.

Surveys were completed anonymously, with each stu-

dent using an individual code to ensure data comparability.

The research team did not have access to the identity behind

each code. Surveys were administered at the beginning of

the course (n = 30) and at its conclusion (n = 28).

Focus group interviews were conducted one month af-

ter the first aid course. The main author (MA) conducted

the interviews. The interviewer had a background as a regis-

tered nurse and an educator in practical nursing education;

however, not with participants in this study. In addition, the

main author also has a scientific education. During the inter-

views, the main author kept a reflective journal (e.g., a diary)

to maintain as much objectivity as possible throughout all

sessions. The TechnologyAcceptance Model also guided the

focus group interviews, which concentrated on three scales:

perceived usefulness, perceived ease of use, and job rele-

vance [29]. The interviews aimed, first, to capture diverse

perspectives on technology acceptance [37, 38], and second, to

facilitate discussion by creating a supportive group environ-

ment [39]. Thirty students participated, divided into five focus

groups of five to seven members each. All interviews were

conducted face-to-face at the vocational institute, recorded,

and lasted 20–30 min. Prior to each session, students were

informed that participation involved no additional school-

work and that there was no urgency to foster a safe and

comfortable environment. The interviewer, who had no prior

personal relationship with the students, used a printed ver-

sion of the theoretical framework and guiding questions to

ensure discussions remained relevant to the research topic.

2.8. Data Analysis

In this study, the data analysis was conducted first sep-

arately (quantitative and qualitative findings). Secondly, the

integration of TAM2-based quantitative results with quali-

tative findings was guided by a convergent mixed methods

approach, and it was conducted using a joint display method,

presented in the SupplementaryMaterials [40]. The purpose

of the quantitative strand was not to test causal relationships

but to offer structured indicators that could be meaningfully

integrated with the qualitative results in the convergent de-

sign. The joint display served as the primary mechanism for

integration, enabling category-by-category examination of

convergence, complementarity, and divergence across data

sources. It is also meaningful to notice that quantitative re-

sults are exploratory and there has been no power analysis in

this study, which reflects that the quantitative results should

be interpreted as indicative rather than conclusive.

The complete quantitative data analysis was performed

with the statistical software SAS Enterprise Guide 7.1. The

final analysis included 28 participants, as two were absent

during the post-questionnaire and therefore excluded from

paired comparisons. The internal consistency of the items

was analysed with Cronbach’s alpha and its confidence in-

terval, together with inter-item correlations, in order to see

if the items within a category formed a reliable instrument

and if a sum variable out of the items by category could be

calculated. The TAM2 categories were used as theoretically

grounded constructs; however, given the small sample and

the contextual adaptation of items, construct validity should

be interpreted with caution. The normality of the difference

between the category means from the post-questionnaire to

pre-questionnaire was inferred from the plot review and from

significant key statistical figures, including the p-value of

the Shapiro-Wilk test for normality.

The categories were analysed separately to determine

if there were any statistically significant differences between

the students’ post- and pre-questionnaire answers. A Paired

Sample t-test and Wilcoxon Signed-Rank Test were used

to compare the means of the two dependent measurements

taken from the same student. Given nine paired comparisons,

the risk of Type I error was considered. No formal correction

was applied due to the exploratory nature of the study and

the small sample size, but p-values should be interpreted

cautiously.

During the internal consistency analysis of the “Result

demonstrability” category items, one statement was dropped

due to its negative correlation with the total category and

with all other items within the group, thus significantly low-

ering the scale’s Cronbach’s Alpha. Deleting this question

raised Cronbach’s Alpha back to an acceptable level (from

0.52 to 0.79).

The sum variable was then calculated out of the items

by each category and time point as the mean of the item’s

overall sum by category. To determine the test to be used in

the statistical analysis of the comparison of means from two

dependent measurements, the difference between the sum
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variables from the post-questionnaire and pre-questionnaire

was calculated and inferred by the nine categories. In five cat-

egories, the differences between measurement means were

normally distributed, and a Paired Sample t-test can be used

for analysis (“Perceived ease of use”, “Image”, “Job rele-

vance”, “Output quality”, and “Result demonstrability”). In

four categories, the differences between measurement means

were not normally distributed, and a nonparametricWilcoxon

Signed-Rank Test should be used for the statistical analy-

sis (“Intention to use”, “Perceived usefulness”, “Subjective

norm”, “Voluntariness”). Normality was inferred from plot

review and from significant key statistical figures, including

the p-value of the Shapiro-Wilk test for normality with a sig-

nificance level of 0.05. To ensure analytical transparency, all

analytical decisions—including item removal, test selection,

and handling of attrition—are fully reported (Table 2).

Table 2. Reliability, Normality of Difference between the Categories from Post- to Pre-Measurement.

Reliability Normality

Category

Cronbach Alpha

(95%-Confidence

Interval)

Range of Pearson

Correlation between

Items

Shapiro-Wilk p-Value of the

Difference between Post-Mean

and Pre-Mean

1. Intention to use 0.886 (0.81;0.93) 0.80 0.027

2. Perceived usefulness 0.775 (0.66;0.86) 0.24–0.65 0.027

3. Perceived ease of use 0.875 (0.81;0.92) 0.52–0.74 0.055

4. Subjective norm 0.909 (0.85;0.95) 0.83 0.002

5. Voluntariness 0.805 (0.70;0.88) 0.48–0.64 <0.001

6. Image 0.794 (0.68;0.87) 0.37–0.76 0.315

7. Job relevance 0.862 (0.77;0.92) 0.76 0.873

8. Output quality 0.800 (0.66;0.88) 0.67 0.051

9. Result demonstrability 0.793 (0.68;0.87) 0.44–0.77 0.687

Focus group interviews were analyzed using theory-

driven qualitative content analysis based on the TAM frame-

work, following three phases: preparation, organization, and

reporting [41, 42].

During the preparation phase, meaning units were

identified according to the concept of technology accep-

tance [41, 43]. These meaning units corresponded to TAM

categories: perceived usefulness, perceived ease of use, and

job relevance [29, 41]. For example, all content related to per-

ceived usefulness was grouped into one meaning unit.

In the organization phase, a categorization matrix was

developed to guide the coding process [41]. The matrix was

pre-tested prior to the final analysis to ensure consistent align-

ment with the theoretical framework throughout the process [41].

Based on the main data analysis, categories and subcategories

were created in compliance with the TechnologyAcceptance

Model [29, 41]. During the analysis, 8-10 different theory-driven

codes were identified in each category, and possible disagree-

ments of the codes were discussed among the research group.

Finally, in the reporting phase, all steps of the analysis

were reviewed and validated by the research team before

final reporting [41] (Table 3).

Table 3. The Example of Theory-Driven Content Analysis.

Meaning Unit under the

Theoretical Category

“Perceived Ease of Use”

Condensed Meaning

Unit
Code Subcategory Main Category

“When you use different

technologies in school, you get

the idea, that maybe these are

not so difficult at all.”

The multiple

experiences make it

easier to use different

technologies.

Self-confidence

with technology.

Perceived

self-confidence with

multiple technological

solutions.

Preparedness for

future technological

solutions.

In the integration phase of both results, the qualitative

insights represented the dominant elements of the analysis,

referring to the fact that this study aimed to describe the

perspectives of the practical nursing students deeply. For

example, even when the category job relevance did not show

a statistically significant increase in the survey, focus group
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discussions highlighted students’ perceptions of 3D technol-

ogy as professionally useful, particularly in patient education

and future work tasks. Conversely, categories with signifi-

cant quantitative change, such as perceived ease of use, were

reinforced by qualitative themes like “Preparedness for future

technological solutions,” indicating convergence between

data sets [40].

3. Results

3.1. Quantitative Results

A statistically significant change was found in three

categories’ means with the Paired Sample t-test. A statisti-

cally significant mean improvement of 0.74 was found in

“Perceived ease of use” (p < 0.001), 0.43 in “Output quality”

(p = 0.030), and 0.69 in “Result demonstrability” (p < 0.001)

between the pre- and post-test (Table 4).

A statistically significant change was found in three

categories’ medians with the Wilcoxon Signed-Rank test. A

statistically significant medians improvement of 0.25 was

found in “Intention to use” (p = 0.004), 0.25 in “Perceived

usefulness” (p = 0.017), and 0.33 in “Voluntariness” (p =

0.042) between the pre- and post-test (Table 4).

3.2. Qualitative Results

After the theory-driven analysis, the following five

main categories were created: (1) Usefulness for education,

(2) Usefulness for care work, (3) Benefits for the individual

role, (4) Preparedness for future technological solutions, and

(5) Challenges with technological solutions (Table 5).

Table 4. The Development of Technology Acceptance after Using 3D Technology.

Paired Sample t-Test

Category

Descriptive
Model-Based p-Value

(Paired Sample t-Test)

Difference between Means

(95% CI) for Statistically

Significant Models
Mean (SD) for

Pre-Test

Mean (SD) for

Post-Test

3. Perceived ease of use 4.83 (1.04) 5.57 (0.99) <0.001* 0.74 (0.40–1.08)

6. Image 4.06 (1.50) 3.83 (1.63) 0.471

7. Job relevance 5.61 (1.16) 5.61 (1.17) 1.000

8. Output quality 5.25 (0.97) 5.68 (0.95) 0.030* 0.43 (0.05–0.81)

9. Result demonstrability 4.88 (1.25) 5.57 (1.03) <0.001* 0.69 (0.35–1.03)

Wilcoxon Signed-Ranks Test

Category

Descriptive Model-Based p-Value

(Wilcoxon Signed-Ranks

Test)

Median of the Difference

(95% CI) for Statistically

Significant Models
Mean (SD) for

Post-Test

Mean (SD) for

Pre-Test

1. Intention to use 5.71 (1.07) 6.38 (0.80) 0.004* 0.25 (0.0–1.0)

2. Perceived usefulness 5.71 (0.75) 6.09 (0.70) 0.017* 0.25 (0.0–0.5)

4. Subjective norm 3.54 (1.72) 3.61 (1.38) 0.442

5. Voluntariness 4.94 (1.55) 5.46 (1.08) 0.042* 0.33 (0.0–1.0)

Note: * Statistically significant result.

Table 5. Technology Acceptance of the Practical Nurse Students towards 3D Technology.

Relation to

TAM
Main Category Subcategory Example

Perceived

usefulness

Usefulness for

education

Development of

professional skills and

knowledge

“It (3D) would help us so much to understand things better

comparing to now, when we are just reading prints” (focus

group 5)

Benefits for patient and

relative guidance

“With these pictures (3D images), I mean, you could be able to

more easily tell relatives what happens the inside patients and

which organ is located where.” (focus group 3)

31



Innovations in Pedagogy and Technology | Volume 02 | Issue 02 | June 2026

Table 5. Cont.

Relation to

TAM
Main Category Subcategory Example

Perceived

usefulness and

job relevance

Usefulness for

care work
More time for patients

“If I knew how to use technology in working life, it wouldn’t

take so much time to learn it, while the learning time is away

from the patients.” (focus group 1)

Benefits to activate

elderly patients

“You could help dementia patients go back, for example, to

some city (3D environment) they have been when they were

young.” (focus group 5)

Perceived

usefulness and

job relevance

Benefits for

individual role
Easier to find a job

“If you knew how to use this kind of technology, it may give

you an advantage in the working markets.” (focus group 4)

Multiple roles in

working life

“I think that this technology (3D) would make it more clear to

me, that working life could be more than just care work.”

(focus group 1)

Perceived ease

of use and job

relevance

Preparedness for

future

technological

solutions

Perceived motivation to

learn new technological

solutions

“I thought and wished, that is there like courses, where you can

concrete more deeply in all these solutions.”(focus group 2)

Perceived

self-confidence with

multiple technological

solutions

“When you have tried different technologies in school, you

discover that it is not so hard. I mean, when you face

something new in working life, the first idea may not be that I

am scared.” (focus group 5)

Perceived ease

of use and

perceived

usefulness.

Challenges with

technological

solutions

Negative feelings with

technology
“It (3D environment) made me feel nauseous.” (focus group 3)

Difficulties in using

technology

“I didn’t understand how to use it, because it was so

complicated (3D environment).” (focus group 1)

3.2.1. Usefulness for Education

The main category “Usefulness for education” included

the following subcategories: “Development of professional

skills and knowledge” and “Benefits for patient and rela-

tive guidance”. Practical nursing students described several

educational benefits of 3D technology. The benefits were

connected to how much better the students felt that they

would learn new things in their future work if the 3D technol-

ogy could be utilised. Practical nursing students emphasised

how important the new knowledge is in nursing, and with

3D technology, they felt that they could understand it more

easily. The other educational benefit related to the idea of

how technology could help is when, in future work, they will

try to explain something to patients or relatives. They noted

that with the 3D technology, e.g., some diseases could be

easier to diagnose when they were able to concretely show

how the body reacts to the disease. This could help patients

and relatives more deeply understand the importance of guid-

ance.

“In anatomy, it might be much easier to learn about

bones and muscles, while you really can see where they are

and what they look like” (student from focus group 2).

3.2.2. Usefulness for Care Work

The main category “Usefulness for care work” in-

cluded the following subcategories: “More time for patients”

and “Benefits to activate elderly patients”. Practical nursing

students noted that if 3D technology were utilised more in

education, they would spend less time learning new tech-

nologies in future working life. This was related to the idea

that practical nursing students would learn in school how to

use and make 3D images, 3D environments, and 3D print-

ing. With this knowledge, they could utilise 3D technology

with the patients without so much time away from the latter.

Practical nursing students also offered concrete ideas on

how to utilise the 3D technology with older patients, such

as the possibility to activate memories from history with

32



Innovations in Pedagogy and Technology | Volume 02 | Issue 02 | June 2026

3D images or 3D environments. According to the practical

nursing students, this would support the performance of the

elderly patients.

“3D environments could be used in, for example, in

work orientation” (student from focus group 3).

3.2.3. Benefits for the Individual Role

The main category, “Benefits for the individual role”,

included the following subcategories: “Easier to find a job”

and “Multiple roles in working life”. Practical nursing stu-

dents emphasised the meaning of technological knowledge

and competence. They noted that using 3D technology in

education could increase technological competence on the

part of students. This could help them find more interesting

employment positions more easily. Practical nursing stu-

dents believed that, in the future, individual technological

understanding will be one dividing theme when practical

nurses seek various jobs.

“I think that the better you can use these [3D], the bet-

ter the chances you’ll have in the future” (student from focus

group 1).

3.2.4. Preparedness for Future Technological

Solutions

The main category “Preparedness for future technolog-

ical solutions” included the following subcategories: “Per-

ceived motivation to learn new technological solutions” and

“Perceived self-confidence with multiple technological so-

lutions”. Practical nursing students pointed out that using

3D technology increased their motivation towards various

technologies and increased their preparation for the future.

They highlighted the fact that there will be increasingly dif-

ferent technological solutions pivoted around nursing as time

goes on. This means that the students should have a positive

attitude and motivation towards all new technologies they

will face. The practical nursing students also emphasised

that they felt it was quite easy to use images, environments,

and printing in the 3D format, though these were, fundamen-

tally speaking, new things for them in the educational context.

This ease increased their self-confidence towards confronting

new technologies, and lowered the possible barriers to trying

new ones.

“I kind of have the belief that in the future everything

will go more and more to virtual like this, and I mean every-

thing…” (student from focus group 2).

3.2.5. Challenges with Technological Solutions

The main category, “Challenges with technological so-

lutions”, included the following subcategories: “Negative

feelings with technology” and “Difficulties in using technol-

ogy”. The practical nursing students noted challenges related

to using 3D technology. Some of the students experienced

nausea when using a 3D environment, and that experience

was related to negative acceptance of the 3D technology.

Some of the students also emphasised that it was difficult to

use all 3D technological solutions and that the experience did

not increase their motivation to welcome new technological

solutions in future working life.

“It was weird when you were going around in that house

and tried to find the places….I mean, at that point it was hard

and it got me feeling sick” (student from focus group 5).

4. Discussion

The main finding of this mixed-method study is that

practical nursing students’ technology acceptance of 3D tech-

nology was generally positive. Students perceived 3D tech-

nology as a useful and relevant tool for their future profes-

sional roles. This aligns with previous research, which has

consistently linked positive experiences with 3D technology

to increased student satisfaction [44–46]. In some cases, enthu-

siasm toward 3D environments has even been described as

“overflowing” [44]. However, it is notable to understand that

these elements (e.g., technology acceptance and satisfaction)

are not directly related to the learning outcomes. In addition,

the mixed‑methods design helps situate these findings by

allowing quantitative indicators of acceptance to be inter-

preted alongside students’ qualitative reflections, rather than

in isolation.

Although the overall attitude was positive, this study

emphasizes that technology acceptance encompasses more

than emotional responses or user experiences [29]. It may

also involve anticipating actions that enhance the effective

use of new technologies [28, 29]. From this perspective, the

findings suggest that technological tools in education can

foster preparedness for future innovations beyond the im-

mediate context of first-aid training. Students expressed

meaningful ideas about integrating 3D technology into their

professional practice, such as using it for patient education.

While nurses’ attitudes toward technology are generally pos-
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itive and open [47], research indicates that preparedness for

technological solutions could be improved [48].

Students described both educational and work-related

opportunities for 3D technology. For example, they sug-

gested that learning outcomes could improve with its use,

particularly in anatomy instruction—a finding supported

by previous studies [23, 44]. Although this research did not

measure specific learning outcomes, students’ perspectives

represent an important element of the learning process aimed

at positive results [49]. The exploratory quantitative results

should therefore be understood as complementary to these

qualitative insights, offering structured but preliminary indi-

cations rather than precise estimates of change.

Interestingly, students noted that using diverse 3D tools

in education could enhance their future job profiles and readi-

ness for multiple tasks. However, survey results showed no

significant increase in the categories of “job relevance” and

“image”. This discrepancy between qualitative and quanti-

tative findings may reflect the novelty of 3D technology or

the ease of sharing ideas in group discussions. Alternatively,

students may perceive 3D technology as professionally use-

ful (perceived usefulness) without viewing it as a factor that

enhances personal status (image). Such differences illustrate

the value of a convergent mixed‑methods approach, where

inconsistent results across strands can signal meaningful nu-

ances in students’ perceptions.

Both qualitative and quantitative data indicated that

students found 3D technology easy to use. The survey cate-

gory “perceived ease of use” showed a significant increase in

technology acceptance, supported by the qualitative theme

“Preparedness for future technological solutions.” While

some studies identify 3D technology as a barrier when its

use is complex [50, 51], the present findings are noteworthy

because students successfully engaged with non-traditional

tools in a mandatory course and considered them easy to

use. Teachers, however, may perceive challenges related to

instructional logistics, such as time requirements [52]. Yet, if

students can manage technology with minimal experience,

should teachers view their own technological competence as

a barrier [53]?

Despite these promising results, students also reported

challenges in applying 3D technology. Although most found

it easy to use, prior research highlights various technolog-

ical difficulties [46, 54]. In this study, as in others [55], some

students experienced symptoms of virtual reality sickness—

such as nausea and dizziness—linked to 3D environments [56].

While this study did not specify which technology caused

these symptoms or their prevalence, the findings underscore

the seriousness of this issue [56].

The Technology Acceptance Model (TAM) was ap-

plied in both surveys (TAM2) and as the framework for

focus group interviews [29]. TAM has been validated across

diverse educational contexts [30], which may reduce context

dependency and enhance the generalizability of results be-

yond Finland. In this study, TAM proved flexible enough to

accommodate different technological solutions, as reflected

in the broad meaning units used in qualitative analysis. A

narrower theoretical framework might have limited the depth

of analysis.

Overall, this study demonstrates that integrating 3D

technology into a first-aid course can promote technology

acceptance from multiple perspectives. Both quantitative

and qualitative findings support this conclusion, although the

study is qualitatively dominant. Previous research has linked

individual 3D technologies, such as 3D printing, to positive

developments in technology acceptance [19, 57]. From this

study’s standpoint, teachers could foster greater technology

acceptance by incorporating a variety of technological tools

into their teaching. This approach may broaden educators’

perspectives and encourage more innovative practices in

vocational education.

Limitations

The first limitation concerns the sample, which is

context-dependent. The educational system for practical

nursing students in Finland differs from that of other coun-

tries, and the sample size—particularly for the survey—is

relatively small. Consequently, the survey results should be

considered indicative rather than generalizable. Furthermore,

variations in practical nursing education internationally may

require careful interpretation of these findings.

The second limitation is that this study does not focus

on a specific 3D technological tool but rather addresses the

concept as a whole. This approach may influence the results,

as the impact of individual tools can vary significantly.

Third, the study is qualitatively dominant, and this has

important implications for interpreting the findings. While

quantitative data were included to provide supportive evi-
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dence, they should not be viewed as the primary basis for

conclusions. The self-reported survey results, combined with

the novelty value of 3D technology, may have contributed to

the predominantly positive orientation of the findings. There-

fore, any numerical outcomes—such as descriptive statistics

or significance tests—must be interpreted with caution and

in light of the qualitative insights that form the core of this

research. Also, effect sizes were not reported because the

quantitative strand was exploratory and descriptive within

a qualitatively dominant mixed-methods design. This ap-

proach prioritized integration of qualitative and quantitative

insights consistent with mixed-methods principles [58].

Finally, demographic data were not collected, as this

was deemed irrelevant during the planning phase. However,

factors such as age or socioeconomic background could in-

fluence technological attitudes, making this an important

limitation.

5. Conclusions

Students identified multiple aspects of 3D technology

that could support their learning, professional development,

and future roles. However, technology acceptance should

not become the primary goal of instruction. Healthcare edu-

cators must critically evaluate the pedagogical potential of

3D technology and consider using structured models—such

as TAM—to design more comprehensive teaching strategies.

The novelty of this study was that it was conducted

within practical nursing education, which emphasizes the

need for research concerning technology acceptance at the

level of vocational education and training. In the future,

enhanced knowledge and competence in utilizing 3D tech-

nology may enable educators to assess students’ technology

acceptance more effectively. Further research is needed to

determine the actual impact of 3D technology on technology

acceptance among healthcare students with experimental

studies. Longitudinal studies would be particularly valuable

to explore the long-term effects of technology acceptance

and its relationship to career development among practical

nursing graduates.
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